IMPORTANCE While dosing reminders for glaucoma medications have been shown to increase drug adherence, an outstanding limitation preventing broad adoption is difficulty linking reminders to medication in each patient's electronic health record (EHR).
A dherence to medications is integral to the management of glaucoma. 1 Patient nonadherence with glaucoma medications is a well-documented problem and has been reported to range from 5% to 80%.
2 A variety of causes for poor adherence have been identified, including inadequate patient education, complex dosing schedules, difficulty with application, adverse effects, and costs. [3] [4] [5] A factor that has consistently been noted as a major problem is forgetting to use the medications.
4-7
A systematic review of interventions to improve medication adherence noted improved patient adherence and clinical outcomes via increased interaction with patients, including dosing reminders. 8 Adherence experts concluded that simple interventions that are feasible in busy clinical practices and are easily workable for clinicians and patients might be promising tools to increase adherence. 9 Another systematic review reported that electronic reminders, especially text reminders, improve adherence to long-term medication.
10
In a randomized clinical trial, patients receiving personal telephone calls and automated reminders had an improvement in their adherence rate from 54% to 73% compared with no change in the control arm.
11 A second study demonstrated that an automated telecommunication-based reminder system could have the same effect on adherence.
12
One limitation preventing broad adoption of automated reminders is the difficulty linking reminders to the medications the patient is using. The rapid increase in the adoption of electronic health records (EHRs) in ophthalmology 13, 14 might be an opportunity in this regard.
We built and evaluated an extension to our EHR patient portal that allows patients to configure reminders for their glaucoma medications. Such a system is likely superior to alarms on a mobile device in that there is the potential for some oversight of reminders by the clinician to make sure they are being applied to current medications.
Methods
Participants were recruited from the glaucoma clinic of the Johns Hopkins Wilmer Eye Institute from April 2017 to January 2018. Analysis began in February 2018. This study was approved by the Johns Hopkins University School of Medicine institutional review board. Informed written consent was obtained from all participants.
Adding Reminders to the Patient Portal
We designed and built a web-based application to allow configuration of medication reminders using our EHR patient portal that allows patients to access portions of their clinical data (MyChart; Epic Systems). Our application connected to the EHR using existing application programming interfaces. The application allows patients to select a medication from their list in their EHR and then specify how (voice/text) and when they would like to be reminded. After the construction of the patient interface, we built a separate database for storing information needed to deliver the reminders including medication name and the timing and format (ie, text or voice). A third party telecommunication vendor was used to deliver the messages.
Text-based reminders prompted patients to use their eyedrops and requested a response within 30 minutes. If participants did not respond after 30 minutes, they received a second message encouraging them to respond promptly. Participants receiving voice calls received no additional messages.
Study Procedures
Patients using topical glaucoma medications and presenting to the glaucoma clinic with (1) an ability to converse in and read English, (2) the ability to provide written informed consent, and (3) willingness to complete the study were eligible for recruitment. For all potential participants, we collected nonidentifying demographic information to determine factors that predicted enrollment. We used these data to estimate the risk of nonadherence using a previously validated system. 15 Briefly, risk factors for nonadherence include younger age, black race, worse general health, shorter duration of medication use, lower self-reported adherence, and admitting to not following physicians' orders. Patients consenting to participate were asked a series of questions regarding adherence, reminders, and their likelihood of using a computer-based system to configure medication reminders (eAppendix 1 in the Supplement). Study participants who had not previously enrolled in MyChart were either helped by a research coordinator or received a pamphlet detailing the procedure to set it up on their own at a later time.
Once enrolled in MyChart, study participants were asked to use the custom web interface to configure reminders for some or all of their glaucoma medications (Figure 1) . If a participant felt they could not complete this task, it was determined whether a family member could assist. If not, a research coordinator offered to help the participant to configure the reminders. Participants who opted to set up their reminders at a later time were given detailed written instructions on how to configure reminders (eAppendix 2 in the Supplement) and also were provided with the option of calling a research coordinator to get assistance. For the participants who opted to set up the reminders remotely, up to 3 attempts were made to reach them to ensure
Key Points
Question What is the performance of an electronic health record-linked telecommunication-based automated reminder system for glaucoma medications?
Findings In this cross-sectional study in a university-based glaucoma clinic, 100 patients agreed to configure and use electronic health record-linked reminders for 3 months. Most participants found the reminders to be very useful or useful.
Meaning Electronic health record-linked portals may represent a new and convenient way of allowing patients to link their glaucoma medications to automated reminders; additional longitudinal and glaucoma outcome data would help determine the clinical relevance of such portals. the reminders were configured, after which they were designated as lost to follow-up. A research coordinator contacted participants via telephone 3 months after enrollment to collect information on their experience with the system. Up to 6 attempts were made to reach participants via telephone, after which they were designated as lost to follow-up.
Statistical Analysis
Study data were entered into a clinical research data management system (REDCap version 6.5.14; Vanderbilt University). t Test and Fisher exact test were used to summarize continuous and categorical data respectively. A risk assessment score predicting nonadherence to topical glaucoma medications (ranging from 0 to 100) was calculated for both groups based on answers provided to 6 questions as described previously.
15 Consistent with prior work, nonadherence was defined as using 75% or fewer of prescribed doses within 4 hours of the dosing time. Based on that definition, participants were categorized as high risk if they had 50% or more probability of nonadherence. The primary study outcome was the proportion of patients willing to configure and use the reminders and the proportion of high-risk patients willing to do the same. Using the demographics collected from all participants and potential participants, we determined the proportion of high-risk patients who were not willing to use such a system of reminders. All analyses were performed using Stata statistical software (version 14, StataCorp).
Results
A total of 147 patients were approached and 100 (68%) agreed to participate ( Figure 2 ). The mean (SD) age was 65 (12.4) years, 64 (64%) were men, and 51 (51%) were white ( Table 1) . Most participants (85 [85%]) reported being in excellent or good health and agreed or strongly agreed that they followed physicians' orders exactly (94 [94%]). The mean (SD) duration of glaucoma medication use was 11.3 (9.1) years, and participants reported a mean (SD) adherence rate of 91% (13.6%) with their glaucoma medications during the past month. Nonparticipants had similar characteristics to the participant group, except for a higher mean (SD) selfreported treatment adherence rate of 97% (6.0%) ( Table 1) . However, 9 participants (9%) were categorized as high risk (≥50% probability of nonadherence) compared with 5 nonparticipants (11%).
Baseline Questionnaire: Assessment of Attitudes About Reminders 
Accessing the Patient Portal
Among all participants, 60 (60%) were not enrolled in the patient portal. The reasons provided for not having activated their account were: (1) Of those without active portal accounts, 5 participants (8%) reported preferring to sign up for it on their own, 2 (3%) preferred help from a family member, and 53 (88%) preferred help from someone in the clinic. Of the 53 who needed help in the clinic, 10 (19%) needed email addresses. Of these, 8 were created by the research coordinator, and 2 participants exited the study at this stage.
Among the 98 remaining study participants, a research coordinator configured the reminders for 75 individuals (77%) at enrollment, and the remainder did so on their own or with help. Of these 23 participants who opted to configure their reminders later, 4 participants were lost to follow-up. It took the research coordinator anywhere between 5 and 20 minutes to complete setup, depending on whether participants had active email and/ or MyChart accounts and/or remembered their log in details.
Assessment of Attitudes About the Automated Reminder System
Of the 94 participants who remained in the study, 88 (94%) were successfully followed up through 3 months. Four participants were lost to follow-up, and 2 participants discontinued the study early (1 participant had privacy concerns, and the other found the reminders disruptive/annoying) (Figure 2) . The participant who withdrew because of the reminders still completed the follow-up questionnaire.
The majority (66 [74%]; 95% CI, 65-83) of participants found the reminders to be very useful or useful, 15% (n = 13; 95% CI, 7-23) were neutral, and 11% (n = 10; 95% CI, 4-18) found them to be not useful or not at all useful ( Table 2) . Most participants (72 [81%]; 95% CI, 77-85) had help configuring reminders. Of the 17 participants (95% CI, 11-27) who configured their own reminders, 14 (82%) found it was very easy or easy, while 3 (18%) found it very difficult or difficult.
When participants were asked about how likely they were to continue using these reminders, 47% (n = 42; 95% CI, 36-58) reported that they were very likely or likely, 11% (n = 10; 95% CI, 4-18) were neutral, and another 42% (n = 37; 95% CI, 32-53) said they were very unlikely or unlikely. Those wanting to continue using reminders were more likely to have 50% or higher probability of nonadherence (7 of 42 [17%]) compared with 2% (1 of 47) among those not wanting to continue (P = .03; 95% CI for difference, 4%-26%).
In open-ended feedback from participants regarding what they disliked about the reminder system, 10 participants responded that it was of no added benefit to them because they were already compliant or had their own prior reminder strategies; another 10 participants disliked having to respond when they had administered their eyedrops, 4 participants felt that the tone of the reminder message was terse, and 20 participants had complaints about technical glitches encountered with the system, including issues with setting up reminders, receiving extra reminders, receiving reminders at the incorrect time after a change from standard to daylight saving time, and improper acknowledgment of their response confirming that they had used their eyedrops (eAppendix 3 in the Supplement). Participants also suggested enhancements to the reminder system including allowing separate reminder times for weekdays and weekends, receiving voicemails for unanswered voice call reminders, and the ability to have the reminders work during travel across time zones (eAppendix 3 in the Supplement).
In terms of positive feedback, the majority of participants (70 [79%]) liked that the reminders were consistent, reliable, simple, and succinct; 8 participants (9%) felt that the reminders were especially useful on weekends and while traveling when they had a tendency to forget, and 5 participants (6%) liked that they had to respond after using their eyedrops as it demanded more accountability and ensured more timely and consistent use (eAppendix 4 in the Supplement).
Discussion
An EHR-linked telecommunication-based automated reminder system for glaucoma medication was well received by a population in a tertiary glaucoma clinic. Study participation and willingness to configure and use automated reminders were not influenced by risk of medication nonadherence, suggesting that the most at-risk patients would not also opt out of such a system. 15 Most participants preferred to have their reminders set up with help from a research coordinator, although the majority of those who configured the reminders on their own found it was easy to use. However, 4 of 17 participants who opted to configure their reminders at home were lost to follow-up, suggesting possible issues with ease of use. Two-thirds of participants also found the reminders to be useful, and about half the participants said they were likely to want to continue using such a system. However, these proportions are likely an overestimate as the 4 participants lost to follow-up might have stopped using the reminders for a number of reasons. Nevertheless, this study showed that an EHR-linked system permitted most patients to configure and receive automated reminders. While the majority of study participants (91%) had a low (<50%) estimated risk of nonadherence, nonadherence with medications is a problem among patients with glaucoma with myriad reasons for noncompliance ranging from difficulties with affording eyedrops to difficulties instilling them. [4] [5] [6] [7] The most common reason reported by patients is simply forgetting to use eyedrops, a cause that is amenable to reminders. Prior studies in glaucoma and other medical fields have shown that increasing patient interaction via dosing reminders improves patient adherence to medications. 8,10-12 Two prior randomized clinical trials showed that patients with glaucoma with poor adherence and who received automated reminders for glaucoma eyedrops had improved adherence rates of almost 20%.
11,12
In terms of subjective feedback, a prior study 12 at our institution found 84% of participants who received once-daily voice or text-based dosing reminders felt that they were helpful and that if available, they would continue using them outside the study. In comparison, only 47% of participants in the present study were willing to continue using the reminders after the study ended. The lower proportion willing to continue here may be associated with differences in characteristics of study participants between the studies or owing to changes in the awareness of and approach to adherence in the clinic over time. For example, the majority (59%) of participants who joined the study reported already having a method to help them remember to use their eyedrops. Furthermore, many who signed up for the study may have done so out of an altruistic desire to help us develop new systems to improve patient care and did not feel a personal need for reminders. This may also explain why most participants who were using more than 1 eyedrop opted to configure a reminder for a single medication only. Despite the wealth of research into electronic dosing reminders for glaucoma medication, studies so far have not attempted to link such reminders to patients' medication lists in EHRs, to our knowledge. Electronic health records are being increasingly used 13,14 to capture and store patient information, and patients are given access to their data via webbased portals. These portals now constitute an obvious channel to allow patients to link their medications to reminders, and this study is the first to explore this option, to our knowledge. However, it is possible that those patients at greatest risk of nonadherence may be least likely to self-actualize and use this tool to potentially improve outcomes. Thus, a tool activated by caregivers concurrent with medication prescription or after identification of missed refills or risk factors for nonadherence may be worthy of further investigation.
Limitations
We encountered some technical issues with reminder setup and implementation including web browser compatibility, changes between daylight saving and standard time, and the behavior of the confirmation messages. Further refinement of the system is required to avoid such errors. Future enhancements might include voicemail reminders when the call is not answered, email-based reminders, and greater flexibility of the reminder scheduling. Second, we acknowledge that this kind of system may not be most appropriate for some patients given it works best with a mobile telephone and requires an active email address. Of note, 2 of 10 patients without email accounts opted out of the study citing unfamiliarity with or mistrust of such systems. Third, our findings reflect acceptance of reminders in a tertiary glaucoma clinic that may not be generalizable to other populations that may not be as compliant with dosing or comfortable with web-based portals. Fourth, we used convenience sampling, which raises the question of selection bias in that our study population may comprise individuals more likely to be approached or willing to participate. Finally, we did not collect data on the reasons behind why one-third of the individuals approached were unwilling to use the reminders, and this deserves further investigation.
Conclusions
In conclusion, given the increasing ubiquity of electronic collection and storage of patient health information, an EHR-linked reminder system for glaucoma medications is likely a convenient way for patients to configure and receive automated reminders pending further longitudinal studies addressing how such portals ultimately address adherence and glaucoma outcomes. If you will not be using a cell phone number, make sure to select the voice option.
• Choose how often you want to be reminded -choose one of 3 available options-daily, twice a day, or three times a day based on the frequency of your medication use and/or your preference • Choose start and end dates -using the calendars that appear when you click on the empty fields You're all set! For any further assistance, you may contact the research coordinator using the phone number or email address provided to you.
